In the paper on page 308 (Hurwitz, Maisey, and Welham, I 975) the technique of quantitative lacrimal scintillography was described, and normal values for parameters in assessing flow through the lacrimal excretory system were presented. The method was found to be useful in elucidating the dynamics of normal lacrimal drainage.
In the paper on page 308 (Hurwitz, Maisey, and Welham, I 975) the technique of quantitative lacrimal scintillography was described, and normal values for parameters in assessing flow through the lacrimal excretory system were presented. The method was found to be useful in elucidating the dynamics of normal lacrimal drainage.
This report concerns the use of the same method in assessing patients with pathology of the lacrimal drainage apparatus.
Material and methods
Thirty-six patients were studied using the scintillographic technique. In 29 of these patients, quantitation was performed using a computer interfaced to a gamma camera. All patients in this study had had intubation macro-dacryocystography (Lloyd, Jones, and Welham, 1972) , performed before the quantitative lacrimal scintillography (QLS). Of the 36 patients examined, I9 had unilateral symptomatology only, with normal history, physical examination, and dacryocystography on the non-involved side. Altogether 53 abnormal naso-lacrimal systems were examined in this study.
All examinations were performed in the upright position with the patient I0-2 cm from the pinhole of an Anger gamma camera. 0O0I3 ml of Technetium 99 M sulphur colloid with specific activity of approximately IO mCi/ml was dropped on to the marginal tear strip of each lower lid. The tracer distribution was imaged serially as it passed down the lacrimal drainage system. The data from the gamma camera were recorded simultaneously on to the magnetic disc of the computer for subsequent quantitative analysis (Hurwitz and others, I975) .
Four regions of interest are studied in each lacrimal system (Fig. I ). Six criteria of normal drainage have been established previously, and by quantitative analysis values for a particular patient can be related to these (Table I) .
The distribution of the abnormalities in the cases studied is seen in Table II . T1 palpebral aperture 4-1 1-3 2-3 -6-2 TL sac 6-6 2-5 1-5 -14-0 T duct 7 6 2-9 4 0 -15-0 T max sac Patient I, a xg-year-old girl had left-sided epiphora.
The system was patent to syringing. Dacryocystography (DCG) showed an inferior diverticulum of the lacrimal sac, the naso-lacrimal duct being patent (Fig. 2) . Because this may be seen in an asymptomatic patient, scintillography was performed to determine whether the symptoms could be attributed to this abnormality. Marked residual tracer was seen in the left palpebral aperture, and pooling was present in the sac (Fig. 3) . On the basis of the scintillography findings a dacryocystorhinostomy (DCR) was successfully performed.
Patient 2, a 34-year-old woman had a complete left lower sac obstruction as seen on DCG (Fig. 4) Patient 3, a 42-year-old woman had epiphora for 3 years. Syringing showed patency of the system on six separate occasions. Subtraction DCG showed a patent system with the possibility of some lacrimal sac dilatation (Fig. 5) . QLS was performed to determine the function of the possibly pathological sac. On the 25 min gamma camera image (Fig. 6 ), there appears to be increased counts in the sac. In Fig. 7 Patient 8, a 48-year-old woman had epiphora on the left side. There was cc stenosis on the DCG (Fig. 13) , and the system was patent. QLS showed a clear area between the palpebral aperture and sac on the right side (characteristically seen in normal patients), but no clear area on the left (Fig. 14) . The left inner canthus also appears to have more tracer present, and this is confirmed by quantitation as the Ti inner canthus is 34 min. Entry to the sac is delayed (T max sac -48 min). Sac emptying is normal. This patient was cured with a canaliculo-DCR (Jones, I 960 A third patient with a normal DCR was studied with the eyes closed upon instillation of the tracer. With the eyes closed, the Ti inner canthus was infinity, which fell to 7-5 when blinking began. The Ti sac was infinity with eyes closed, and this fell to 3-2 upon blinking. These are important observations regarding the mechanism of flow through a DCR.
Postoperative cases of epzphora
Patients 27 to 32 had non-functioning lacrimal excretory systems following previous surgery.
Patient 27, a 40-year-old man who had a DCR for a lower sac obstruction. Epiphora persisted, and the system was not patent to syringing. The DCG showed a sac obstruction (Fig. I 5) Fig. I6 .
The Ti inner canthus (upper curve Fig. I 7) Patient 32, a 38-year-old man had a canaliculo-DCR but epiphora persisted in spite of patency to syringing. A DCG demonstrated stenosis of the fistula to the nose, (Fig. i8) . QLS showed no flow with a Ti inner canthus of 48 min. 
Discussion
Quantitative lacrimal scintillography is an excellent test for assessing the function of the lacrimal excretory system. Scintillography alone (Carlton, Trueblood, and Rossomondo, 1973 (Henderson, 1973) . In these circumstances QLS detects any delay in tear progress and determines whether any true abnormality exists. QLS may also determine whether an anatomical variation such as a sac diverticulum or an abnormal sac-duct junction is associated with delayed sac emptying. The normally 'clear area' where tracer is absent between the inner canthus and lacrimal sac (Rossomondo, Carlton, Trueblood, and Thomas, I972) may be seen to be filled, when examined on the computer oscilloscope in a case of cc stenosis (Patient 8) . This finding demonstrates that cc stenosis is present, and a canaliculo-DCR therefore indicated (Jones and Corrigan, I969) .
Canalicular disease
In cases of complete occlusion of an individual canaliculus, the results in Patients I2 to 14 suggest that the lower canaliculus is functionally more important in the conduction of tears.
Temporary and permanent iatrogenic punctal occlusion Surgical occlusion of the puncta is often performed in patients with dry eyes. Gelatin rods may be temporarily inserted into the canaliculi to predict the outcome of such a procedure (Wright, I971 Lid abnormalities Epiphora may occur in a patient with poor orbicularis function but an otherwise normal lacrimal excretory system, even with the punctum in its normal position (Lyle, I956) . QLS is useful in assessing this abnormality, and in determining the extent of improvement after a lid-tightening procedure (Bick, I966) .
A patient with a facial palsy may have epiphora for a number of reasons. Although an everted punctum is a common aetiological factor (Korchmaros, I 969), one may suffer from epiphora with a properlypositioned punctum (Veirs, I955) presumably because of a poorly-functioning orbicularis. Epiphora may also be present with normal orbicularis function, because of a gusto-lacrimal reflex known as 'crocodile tears' (Jacklin, I966). Normal QLS values suggest 'crocodile tears', whereas delayed emptying of the palpebral aperture suggests a lacrimal pump dysfunction.
Patients with so-called functional blocks have often been found to have anatomical abnormalities on intubation macro-dacryocystography or at exploratory surgery (Welham, 1973) . In these patients without anatomical abnormalities, QLS has invariably shown a delay in emptying of the palpebral aperture and this presumably reflects malfunction of the lacrimal pump (Jones, I960) .
Normal DCR function In two cases of normally-functioning DCRs, the tracer was present in the middle meatus by 5 s, with a normal Ti from the inner canthus.
A similar case studied showed no entry of tracer into the nose until blinking began 20 min later. This supports the theory that there is a 'canalicular pump' dependent on blinking (Brienen and Snell, I969) .
Postoperative epiphora
In those patients with persistent symptoms following previous lacrimal surgery, the method may provide invaluable quantitative information regarding flow through the system, as in these circumstances, interpretation of the x rays may be particularly difficult. An example of a 'sump syndrome' produced by inadequate drainage of the sac to the nose is seen in the fellow eye of Patient 29. Although the situation may be suggested radiologically (Welham, I973), QLS confirms the pooling of tracer in the 'sump'.
Dysthyroid eye disease
The tearing often present in patients with dysthyroid eye disease has been blamed on a hypersecretion of tears (Roy, 1972) . The QLS findings in the three cases with tearing, demonstrate pooling of tracer at the inner canthus. This suggests that the main problem is delayed excretion of tears. This may be because of the infrequent blinking in these patients (Blodi, 
